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Abstract
A new approach to couple the type II superstring to the Ramond-Ramond back-
ground of D-branes is proposed. Its construction, using the Ramond-Neveu-Schwarz
formalism, is based on the unbroken translations of flat D-branes. It is substanti-
ated by a relation between strings in Ramond-Ramond states and the transversally
polarized open strings of the D-branes.





D-branes play a special role in the recent development of string theory. They
were, for example, important for realizing the duality relations between the
ve consistent string theories and give rise to phenomenologically interesting
models. For some of them, it is desirable to know about string theory with
the background elds of D-p-branes present. The major diculty hereby is the
Ramond-Ramond (RR) background. In the standard Ramond-Neveu-Schwarz
(RNS) formalism, the usual way to couple the string to this background fails
as superconformal invariance is spoiled when the RR vertex operators are used
to deform the action.
Despite of this there exist some works, e.g. [1,2], in the RNS formalism. Other
approaches [3{5] use either the Green-Schwarz (GS) formalism or a mixture
between RNS and GS formalism, like the hybrid formalism. The approach [3]
in the GS formalism for the AdS5 ⊗ S5 RR background, for example, is based
on considering the coset supermanifold SU0(2, 2j4)/(SO(4,1)⊗ SO(5)) as tar-
get space for the superstring. The coupling to the RR background found this
way agrees to some extend with the one constructed by performing double
dimensional reduction and a T-duality transformation of the 11-dimensional
supermembrane action coupled to the supergravity background [6]. The ap-
proach in the hybrid formalism [4] uses the topological string theory in RNS
variables and partly introduces GS variables. This way the RR vertex opera-
tors can be used to deform the action of the free superstring to yield a coupling
to the RR background eld.
In this letter I propose a way to couple the superstring to the RR background
of a D-brane in the RNS formalism without using the RR vertex operators.
2 Coupling of 1-Forms to the RNS Superstring
For the approach to coupling the superstring to the RR background of a D-
brane presented in section 3, it is appropriate to specify the known coupling
of 1-forms in the RNS formalism in the presence of D-p-branes.
In the bosonic string theory, the coupling of a 1-form background is just given
by integrating the pullback of the background eld A(1) to the string boundary
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A(1)(X(z, z )) =
∫
∂Σ





A(1)µ (X(z, z )) f∂Xµdz + ∂Xµdz g . (1)
This changes somewhat if D-p-branes are present. In Cartesian coordinates
and with i2f0, . . . , pg denoting indices parallel and t2fp+1, . . . , 9g indices






i (X) f∂X idz + ∂X idzg+
∫
∂Σ
t(X) f∂X tdz − ∂X tdzg . (2)
t is dened as t := A
(1)
t . Supersymmetrizing equation (2), i.e. substituting
the embedding components Xµ by the superelds Xµ = Xµ + θψµ + θ ψ˜µ +
θθF µ, the Dolbeaut operators ∂, ∂ by D = ∂θ + θ∂ , D = ∂θ + θ ∂ and adding
the integration over the complex fermionic coordinates θ, θ yields the coupling
∫
∂Σ




t(X) fDXi dz dθ − DX i dz dθ g (3)
of a 1-form background eld to the superstring in the RNS formalism.
3 Geometric Approach to Coupling the RR p-Form to the String
The RR background of a D-p-brane consists of a p+1-form potential C(p+1).








Generally, from a p-form, one gets a p+1-form by taking the exterior deriva-
tive and a p−1-form by the interior product iV with a vector eld V . Using
iV0 , . . . , iVp and the exterior derivative d as tools, from C
(p+1) an interesting
1-form,
iV0    iVp dC(p+1) = iV0    iVp F (p+2) , (4)
can be constructed. F (p+2) is the p+2-form eld strength. The pullback of this
1-form can now be geometrically coupled to the string boundary or equiva-
lently the closed 2-form d iV0    iVp dC(p+1) can be coupled to the string itself.
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F0...pt(X) fDXtdz dθ − DX tdz dθg . (5)
This result is the proposed interaction Lagrangian for the superstring in an
external RR background eld of a D-p-Brane.
4 Discussion of the Interaction Lagrangian
In general, viable interaction Lagrangians can be constructed using the vertex
operators corresponding to the desired background eld. This method fails for
a RR background. The other way round, the interaction Lagrangian proposed
in equation (5), can, in this picture, be identied as a construction from a
vertex operator for an open string state polarized vertically to the D-p-brane.









using the notation F0...pt(X)
 
∂i := ∂iF0...pt(X). Thus, if the proposed coupling
of equation (5) is reasonable, transversally polarized open strings should be
related to strings in RR states in a special way. Their vertex operators should
be a proper substitute for the RR vertex operators.
5 RR States and the Transversally Polarized Open String States
In order to investigate the relation of closed strings in RR states and open
strings polarized transversally to a D-brane, I consider the case of a D-p-brane
and the string states corresponding to its p+1-form RR background eld with
a p+2-form eld strength. Calculating the disk amplitude 2
A (V RR(q)V open(k))D =
〈






the usual way, using the doubling trick, with the vertex operators








φS β(z ) eiqX(z,z ) (8)
2 A recent, detailed calculation of more general disk amplitudes with RR vertex
operators in the (−12 ,−32 ) ghost picture can be found in [7].
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) ghost picture (Sα are the spin elds) and
V open(k) = ξt e
−φψt ei2k‖X(w) (9)
for the transversally polarized open string state in the (−1) ghost picture,
gives
A (V RR(q)V open(k))D  f0...pt ξt δ(2qk + 2kk) . (10)
Thus, open strings with a transverse polarization can turn into closed strings
in RR states with the special polarization f0...pt 6= 0 and vice versa. Therefore,
it is reasonable to investigate the possibility of mediating the eect of a RR
background by the open strings.
6 Conclusions
Using the unbroken translations of a flat D-p-Brane, from its p-form RR back-
ground a 1-form is constructed and coupled in the usual way to the boundary
of the string worldsheet. After supersymmetrizing and T-dualizing, the result
in equation (5) is a new way to couple the type II superstring to the RR
background of a D-brane. This coupling can be interpreted as mediating the
RR background by open strings polarized transversally to the D-brane. It is
substantiated by the result that strings in RR states corresponding to the
RR background mix with the above mentioned open string states, as given in
equation (10).
Thus, the proposed complete action for the type II superstring in the RR
background of a D-brane including the usual gravitational Gµν and Dilaton φ














F0...pt(X) fDXt dz dθ − DX t dz dθg . (11)
To study a general RR background in this approach, a background eld ex-
pansion has to be performed at the desired location in target space.
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